The slhrinking-dr-op micropuncture teclhnique was introduced by Gertz in 1963 as a means of estimating the net reabsorption of tubular fluid from the proximal convolution under in vivo conditionis(l). Altlhouglh this metlhod dloes not provide an absolute measturement of net fluid efflux, since the actual exposed surface area of the tubular epithelial is tunknown, it lhas served as a useful method of comparing the relative effects of the various factors involved in the regulation of this tralisport lrocess. It is not surprising that recent reports lhave demonstrated that this teclhnique, like otlher methods for measuring biological processes, is influence(d by a numlber of metlhodological variables(2,3).
wlhiclh influence the estimation of the reabsorptive lhalf-time (tl/2)(4,5). In one report, the measurement of the reabsorptive half-time was slhown to have a coefficient of variation as low as any otlher metlhod currently used to determine net soditum efflux, wlhen calculated un(ler condlitions in wlhich the meclhanical application of the metlhod was standardlized, the influence of the initial droplet lengtlh was controlled, andl bias and error in making the actual measurements were minimizetl (5) .
In this report we lhave summarized ouLr evaluation of the metlhod and offer suggestions for its practical application as a reliable and comparative estimator of net fluid reabsorption in the proximal tubule of the rat kidney.
Mlale Sprague-Dawley rats wer-e anesthetized witlh Inactin (100 mg/kg body weiglht) intraperitoneally ancl prepared for microptuncture as previously tlescril)e(l (6) . The reabsorptive hlalf-time (tl/2) of isotonic saline was measured by time-seqtuence plhotomicrograplhy as dlescribetl l)y Gertz(l). Proximal tubtules were puncturel witlh tlouble-barreled micropipets, containing castor oil stained witlh Stuldan black (lye in one arm antI isotonic saline (150 mM NaCl per liter) in the otlher. The following tletails were careftully controlled to maintain ulniformity: (1) only straight portions of proximal tubules were included for sttudy; (2) the oil lblocks proximal and dlistal to the saline droplet were of sufficient lengtlh to insture stability of the oil coltumnn antI prevent movement of the coltumn Itui-ing reabsorption of the saline dIroplets; (3) the initial droplet lengtlh of the saline tIroplet was between 2 an(I 3 ttubular tliameters (60-90 aum); (4) Enlargements were made in a Simmon Omega enlarger (Simmon Bros., Inc., Long Island City, NY) with the Kodak enlarging lens, Ektar F-45, 75 mm (Kodak, Roclhester, NY) on Kodak Kodlabromide F4 single-weight paper. The magnification of 3.5 times was maintainecl constant tlirouglh all experiments. The enlargements were developedl in Dektol developer, diltuted 1 to 1 witlh water, (Kodak Inc.). All reagents for the enlarging process were maintainecl at a temperature of 680-± 20 F. The prints were glossetl in Flexogloss (Gaf, New York, NY) for 5 min and drietl in a Lott Rotomaster Print Dryer (Lott Corp., Jamestown, NY).
Measurements of droplet lengtlh were taken tlirectly from the plhotomicrograplhs witlh dividers and expressed in microns by comparison witlh a stage micrometer plhotograplhe(l and enlarged in the same manner. In these stutlies, the dlroplet lengtlh (h) was measured as the distance between the opposinIg meniscal 
RESULTS
Trhe relationslhip between the initial droplet lengtlh and the reabsorptive lhalftime is slhown graplhically in Fig. 1 Table 1 gives the values observed in fouir illustrative shrinking drops in terms of the lengtlh of the saline clroplet at time t 0, 3.9, 6.9, and 9.9 sec. In Table 2 the slope of the regression line for eaclh sequence of measurements is compute(d Another source of variability and a potential source for subjective bias is the methocl of determining the rate of reabsorption from the measured droplet lengths. In earlier studies, the percentage of the initial droplet length remaining as time elapses was plotted as a semilogarithmic function of time from a linear regression line approximated by visual inspection. Recent workers have used a calculated least-squares regression line to determine the rates of reabsorption(5).
In the present study, wve lhave employed a "weighted" least-squares regression formula for calculating the t1!.2 With this type of analysis each measurement of the clroplet length is weighted as an independent observation in the eventtual calculation of the tl/2. The calculations of these linear regressions are readily adaptable to any desk-top computer capable of calculating natural logarithms. This method avoids both the errors associated with manual graphing and the potential errors of subjective bias.
Since the actual surface area available for reabsorption in the proximal tubule cannot be measured by current techniques, it is uncertain whether the use of the Gertz technique provides an accurate estimate of the net efflux of tubular fluid. It is surprising, however, that despite the probable underestimation of the surface area and the other possible sources of error inherent in the method, there is relatively good agreement in the determinations of the fractional reabsorption of tubular fluid in the proximal tubule calculated from the t1/2 and the transit time and determination made from the TF/P inulin ratio at the end of the proximal tubule under free-flow conditions (8) . The primary value of the Gertz technique, when employed under properly controlled conditions and calculated in the way suggested in this report, is in providing a reliable and accurate method for comparing alterations in net efflux due to the influence of different physiological conditions or the action of factors that effect the transport process. Since the mechanical application of this technique is known to be critically important, it is imperative that standardized methodology be adhered to by investigators using this form of analysis. The formulas for a "weighted" least-squares regression line to determine the t112 from the measured data are derived. If reliable and reproducible estimates of net fluid efflux from the proximal tubule are to be obtained by the Gertz teclhnique, strict methodological criteria must be applied, known sources of variability standardized, and observer bias minimized.
APPENDIX
Two formulations may be constructed that predict the influence of initial droplet length on the half-time of reabsorption. Both models are based on the premise that K, the rate of flow through the tubular wall, is not constant with time as is assumed under the model formulated by Gertz. K may change in proportion to the surface area whiclh has already been used in the reabsorptive process or alternatively the change in K may be an inherent property of the reabsorptive pathway.
A. Suppose K changes in proportion to the sturface area which has already been usedl in the reabsorptive process. Then, the reabsorptive rate at time t may be of the form A -B[S(O) -S(t)], where B is the rate of dlecrease in the rate of reabsorption per unit of surface area which has already been used in the reabsorptive process. In this model the rate of change h(t) with respect to t is given by
The solution to the differential equation in (5) In this formuilation the magnittude of the slope of the regression equation is a decreasing function of the initial length, h(O). This implies that t1/2 will be longer for a larger h(O) than for a small h(O). B. Suppose the K clhanges with time, so that K(t) (lenotes the rate of flow throughi the wall per tunit sturface area per unit time, at time t. Let V(t) be the volume of the tubule occulied by the fluid between the two oil columns at time t and let S(t) be the surface area of the tubtule between the two columns of oil at time t. Following Gertz's reasoning we can draw an analogy between the enclosed space between the oil columns and a right cylindler. In this way relationships between V(t), S(t), and 1h(t) are given by V(t) = -r2h(t) and S(t) = 27rh(t). The rate of change of V(t) as a fulnction of t becomes d V(t) dt
29'i
Using the relationships between V(t), S(t), and h(t) the differential equation in (7) lhas a general solution given by ln h(t) = -(2/r) f K(7)dt. which is similar to the result computed by Gertz. Another choice for K(t) which allows the rate of reabsorption to vary with t is K(t) = Ae-ct. In this case Eq. (8) reduces to h(t) n h(O)
-(2/r)(A/c)(l -e-c),
wlhere A is the reabsorption rate at time t = 0 and c is the relative rate of change in the reabsorption rate. If c is positive and proportional to h(O), a longer tl/.. would be associated with large initial length. As long as c is small, however, Eq. The change in the rate of reabsorption with time may also provide an explanation for the progressively curvilinear character of ln[h(t)/h(O)] with increasing time.
